INTRODUCTION
The association between increased concentrations of low-density lipoprotein cholesterol (LDL-C) and increased risk of coronary artery disease (CAD) has been clearly demonstrated in clinical and epidemiological studies (1) (2) (3) , and intervention with dietary or drug therapy to lower LDL-C has been shown to decrease morbidity and cardiovascular mortality (4, 6) .
Because of the causal role LDL-C plays in the development of atherosclerosis, blood LDL-C concentration is an important criterion for diagnosis and treatment of patients with hyperlipidaemia (HPL). The accepted "gold" standard method for blood LDL-C estimation is the beta -quantification (BQ-LDL) which is an expensive, labour intensive method and not generally available in routine laboratories (7, 8) .
Most clinical laboratories have therefore depended on calculations of LDL-C using the Friedwald formula (FF) which is based on three independent measurements: total cholesterol (TC), HDL-cholesterol (HDL-C) and triglycerides (TG) (9) . This equation assumes that the amount of cholesterol in very-low density lipoprotein (VLDL) can be estimated by dividing the serum TG by a factor of 5. The use of the FF has shortcomings: firstly, combining three measurements increases analytical variability; secondly, the formula has been shown to be invalid in samples with high triglyceride concentrations and can therefore only be used in fasting blood samples. Thirdly the assumption that the relationship between cholesterol and triglyceride in VLDL is constant has been shown to be inaccurate in some hyperlipidaemias (10, 11) .
Several direct assays for LDL-C estimation have recently been developed and the kits are available for use by routine laboratories. There are reports of differences between LDL-C values calculated using the FF and those obtained by direct assays (12) (13) (14) (15) . Since some laboratories continue to use the FF and others use the two methods interchangeably (16, 17) , significant variations in the LDL-C results obtained by the different methods may create confusion in the risk stratification of patients and treatment follow-up as the use of LDL-C measurements in routine laboratories increases. In this study LDL-C was calculated using the FF and the values were compared with those obtained from a direct LDL-C assay used routinely in this laboratory.
MATERIALS AND METHODS
Samples: Plasma samples from 211 adults received at the Mater Hospital Laboratory, Nairobi were used. Only those where a full fasting lipid profile was requested were considered. Sampies with fasting TG concentrations >4.5mmol/L were excluded from the FF calculations because the equation has been clearly shown to be invalid in hypertriglyceridaemic samples (10, 11) .
Quantification of lipids: All the lipid analyses were performed on the Alcyon 300i (Abbott Park IL). Total cholesterol and TG were measured enzymatically with the appropriate reagents from Abbott Diagnosis ( Coefficients of variation (CV) 2.4% and 5.6% for TC and TG respectively). HDL-C: A homogeneous direct HDL-C method was used (Abbott reagent list 8D42-02). This assay utilizes a unique detergent to solubilise only the high density lipoptrotein particles, thus releasing HDL-C to react with cholesterol esterase and cholesterol oxidase in the presence of chromogens to produce colour. Analysis was done on the Alcyon 300i according to the manufacturer's protocol (CV 5.2%).
LDL-C:
A homogeneous direct LDL-C method was used (Abbott reagent list 8D45-02). The assay uses two reagents. Reagent 1 solubilises only the non LDL particles. The cholesterol released is consumed by cholesterol esterase and cholesterol oxidase in a non colour forming reaction. Reagent 2 solubilises the remaining LDL particles and a chromogenic coupler allows for colour development. Analysis was done on the Alcyon 300i according to the manufacturer's protocol (CV 4.1%). All lipid analyses were performed within three hours of sample collection.
Friedwald calculation: LDL-C was estimated as follows LDL-C = TC -( TG / 2.l7 ) -(HDL -C) (8) . Statistical analysis: All data were entered in a personal computer. Descriptive statistics (means, standard deviations (SD) and CVs) were calculated with Microsoft Excel (Microsoft). Mean values for LDL-C by the two methods were compared by paired student's t-tests. Linear relationships were determined from standard Pearson correlation coefficients by linear regression analyses using SPSS (VER 10.0). To assess the degree of agreement between the methods, the graphical procedure outlined by Bland and Altman (18) was used. A scattergram of the methods versus the difference between the two methods was prepared. Differences were considered significant at p<0.05.
RESULTS
The lipid and lipoprotein concentrations, and correlation results are summarised in Table l. The overall mean for direct LDL-C was 3.24 mmo/L which compared well with for the FF (3.30mmo/L). The correlation coefficient for this association was r = 0.891. However, when the four groups were analysed separately, differences were noted between the two methods in some groups. As in shown in linear regression analysis ( Agreement between the two methods was assessed using the Bland -Altman graphical technique (18) . The degree of agreement is indicated by the bias, estimated by the mean and SD of the differences. The direct LDL-C values were significantly lower than those obtained by the FF in the type IIa HPL samples (paired differences -0.38 ± 0.62). Thus in the Bland -Altman plot, most of the points lie below zero on the x -axis (Figure lB, Bottom panel) . There were also differences among the type IIb and IV HPL samples as most points on the Bland Altman plots lie on one side of the mean, but these were not statistically significant (Figure lC,  lD) . The good correlation in the normolipidaemic samples was verified by the Bland Altman plots which showed an equal distribution of the points around the mean (paired differences -0.03 ± 0.371) ( Figure 1A , Bottom panel).
Classification of samples with the NCEP cut off points:
The National Cholesterol Education Program (NCEP) Adult Treatment Program II (ATP II) of 1994 laid down LDL-C values of <3.36, 3.36 -4.14, and ≥4.14 as cutoff points for classifying patients into normal, borderline and high LDL-C(8). We studied the agreement in classification by the two methods into the three categories with CLDL-C values obtained by the FF coinciding within 10% of the direct LDL-C values. As seen in Table 2 , there is considerable lack of agreement among the samples in the borderline high category (35%). The level of agreement in the other two categories is high (>90%).
DISCUSSION
LDL-C is a key factor in the pathogenesis of premature coronary disease(1-3). Blood LDL-C concentration is used to assess cardiovascular risk and effectiveness of cholesterol lowering regimens (4, 6) . The accuracy and precision of the method used to estimate blood LDL-C is therefore very important. There is evidence that there is an increase in risk factors for CAD among Africans (19) (20) (21) , which will increase the demand for blood lipid analyses in routine clinical laboratories. Until recently, most routine laboratories used the FF to calculate LDL-C concentrations. Several direct assays for LDL-C estimation have now been developed which are adaptable to automatic analyzers in routine laboratories.
The findings of this study show that there is good correlation between the Abbott direct homogeneous assay and the FF in the normolipidaemic samples. The two methods were however not in complete agreement as is shown by examination of the Bland Altman plots. Among the hyperlipidaemic samples, there were significant differences in the type ILA HPL samples, the paired differences indicating a positive bias in the Friedwald calculation as compared to the direct LDL-C assay. There were also differences among the type IIb and type IV HPL samples but these did not attain statistical significance possibly because of the comparatively small sample sizes in these two groups.
Previous studies have also reported differences between calculated LDL-C and other methods for LDL-C estimation in various hyperlipidaemias (12) (13) (14) . Matas and colleagues found significant variation between calculated and measured LDL-C in a group of patients with liver cirrhosis (mean SD: 3.01+1.03 and 2.59 + 0.99; p<0.001 for direct and calculated LDL-C respectively), despite the fact that none of the patients had marked hypertriglyceridaemia (12) . They attributed the discrepancy to an abnormal VLDL particle in which the cholesterol component was significantly decreased. The FF assumes that most of the circulating triglyceride is carried in VLDL, and that the relationship between the cholesterol and TG in this fraction is constant. This assumption has been demonstrated to be inaccurate in several hyperlipidaemias (22) . The particles generally called VLDL are a heterogeneous mix of VLDL, chylomicron remnants and VLDL remnants. The percentage of cholesterol across this range of particles varies significantly depending on the TG concentration. Errors in calculating the cholesterol in the particles will ultimately reflect as an error in the calculated LDL-C (14) . It has therefore been recommended that the FF should be used with caution in several conditions associated with hyperlipidaemia, including diabetes mellitus, nephrotic syndrome and hepatopathy, even if triglycerides are less than 4.5 mmol/L (14, 23) . The samples used in this study were from a heterogeneous adult population with various underlying disorders some of which may cause such alterations in the concentration and composition of the VLDL particles leading to the bias observed in the type IIa HPL samples. It is possible that with a larger sample size, lack of agreement between the two methods would also be found in the samples with types IIb and IV HPL.
While it is unlikely that different methods will agree exactly, the question is whether the magnitude of the differences will impact clinical judgment. The NCEP ATP II (1994) LDL-C cut-off concentrations of 3.36 mmo/L and 4.13 mmol/L are important parameters in therapeutic decision making. Reporting a patient's LDL-C above or below the conventional cut-off conveys a message about risk stratification and an incorrect classification could lead to inappropriate treatment. This study showed >90% agreement in classification for the <3.36mmol/L and >4.13 mmo/L groups but only 65% agreement in the middle 3.36 -4.14 mmo/L group.
Previous LDL-C method comparison studies have also reported higher rates of disagreement in this borderline high risk group than in the other two groups (13) (14) (15) . Esteban-Salan and colleagues reported that although the FF correctly classified 95% of patients with normolipidaemia, only 76% of the rest were correctly classified. Direct methods classified >90% of patients in both groups (14) .These discrepancies in classification would be of concern to the physician who must interpret LDL-C measurements from different laboratories using different methods.
These findings invite the question as to which of the two methods is more reliable. The only way to answer this would be to compare the two methods against the reference BQ method. However, because the FF has several sources of error from several measurements but the direct assay has only one source of error from one measurement, it might be reasonable to question the reliability of the FF. Higher accuracy of direct LDL-C assays over FF in secondary hyperlipidaemias has also been reported (12) (13) (14) 24) .
In conclusion, this study shows lack of agreement between LDL-C estimated by a direct assay and the FF in HPL samples in a routine diagnostic laboratory. There were previous recommendations that direct LDL-C estimation and the FF should be used interchangeably to minimise laboratory costs (16, 17) , the FF for the initial classification as a full lipid profile is usually required and the direct LDL-C for treatment follow up. There should be caution about adopting this recommendation in a routine laboratory for two reasons. First the routine laboratory handles samples from patients with a wide range of clinical conditions some of which may affect the VLDL composition with attendant errors in the FF. Secondly the adequacy of the FF is governed by strict adherence to the NCEP criteria for TC, TG and HDL-C measurements (8) .
Small routine laboratories may not always meet the NCEP performance standards and this may decrease the reliability of the FF. Interchanging of the methods may therefore be associated with discordant serial LDL-C results, which may cause confusion in risk assessment as well as follow-up of patients. This may ultimately lead to several repeat analyses and additional costs. Routine diagnostic laboratories should instead maintain one method of LDL-C estimation to ensure internal standardization . This will enable them to keep a constant vigilance on the quality of the results reported so that they are transferable across laboratories.
